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(54) Cellular network with optimised mobile terminaisAiase stations links and method for 
determining the same 



(57) The present invention concerns a cellular net- 
work with optimised mobile terminals / base stations 
links and a method for determining the same. 

Cellular radiocommunication network comprising a 
plurality of geographically spread out base stations (BS) 
with variable loading statuses, wherein the power (Petxi} 



transmitted by each base station (BSj) on a correspond- 
ing communication control channel and receivable by 
mobile terminals (MT) to be connected with the network, 
is a function of the loading status of said base station 
(BSj), the function being the same for all base stations 
(BS) of said network. 
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Description 

[0001] The present invention relates generally to cel- 
lular radiocommunication networks, more particularly to 
network organisation and handover procedures, and 
concerns a cellular network with optimised mobile ter- 
minals / base stations links and a method for determin- 
ing the most suitable base station for a given mobile ter- 
minal. 

[0002] In cellular radiocommunication networks, es- 
pecially in Code Division Multiple Access (CDMA) net- 
works, it is possible to define, for each base station, a 
so-cafled "prevailing zone" as the area around the base 
station such that any mobile inside this area requires 
less average transmitted power to reach that base sta- 
tion with its minimum required received power than to 
reach any other surrounding base station with its corre- 
sponding minimum required received power. Average 
transmitted power is considered as the transmitted pow- 
er at the mobile, averaged over a fast fading period. Only 
path loss and slow fading (shadowing), together with the 
minimum required received power at each base station, 
have an influence on the average transmitted power. 
This prevailing zone is related to the loading status of 
the base station, but is also related to the loading status 
of surrounding base stations. 

[0003] In order for such a cellular network, especially 
a CDMA network, to function in good conditions, there 
are two combined aspects that have to be taken into 
consideration simultaneously. The first one is the so- 
called "cell breathing" (the prevailing zone of the cell in- 
creases/decreases as its loading status decreases/in- 
creases in relation to loading status of surrounding 
cells), and the second one is the soft handover proce- 
dure, which must enable the connection of mobile ter- 
minals to different cells while entering and crossing their 
prevailing zones. 

[0004] These two problems are combined and cannot 

be considered independently. 

[0005] Indeed, a downlink broadcast channel should 
be able to reflect the increases and decreases of the cell 
prevailing zone following the fluctuations of the cell load, 
and of the load of surrounding cells. On the other hand, 
the soft handover procedure has to be performing 
enough to anticipate the increase and decrease of this 
prevailing zone. 

[0006] From prior art it is known to measure the power 
level of the broadcast channel at each mobile terminal, 
or to measure the Energy per chip-Interference spectral 
density ratio (Ec/lo). These two methods are used to 
evaluate at which moment the soft handover procedure 
should be triggered, 

[0007] However, no such concept of prevailing zone 
has been found in prior art, nor any proposal as how to 
treat, simultaneously, the two aforementioned prob- 
lems. 

[0008] It is an object of the present invention to pro- 
pose a cellular radiocommunication network construc- 



tion and a way of working the same which take into ac- 
count these two aspects simultaneously, within a mutual 
dependent relation. 

[0009] It is another object of the invention to minimise 
5 the uplink interference In such networks and to lower 
power consumption of the mobile terminals. 
[0010] Therefore, the present invention concerns a 
cellular radiocommunication network comprising a plu- 
rality of geographically spread out base stations BS with 
10 variable loading statuses, wherein the power P^^^ trans- 
mitted by each base station BSj on a corresponding 
communication control channel and receivable by mo- 
bile terminals MT to be connected with the network, is 
a function of the loading status of said base station BS^ 
IS the function being the same for all base stations BS of 
said network. 

[0011] At this point it should be noted that the meas- 
urement to be made at the mobile terminals MT over the 
communication control channels coming from surround- 

20 ing base stations BS is their power levels. This power 
level is the only measure that can be used as an indica- 
tor of the uplink loading status of the different cells form- 
ing the cellular network and therefore the sole indicator 
to determine the prevailing zone of each base station of 

2S said network. 

[0012] According to a first embodiment of the inven- 
tion and when the minimum required received powers 
for a given service of reference at the base stations 
BS reflect the loading statuses of said base stations BS. 

30 the power P^xx\ transmitted by any base station BSj of 
said network is given by the following relation: 



with Prsi being the minimum required received 
power for a given service of reference at the base station 
BS} and with K being a predetermined constant identical 
for al! base stations BS of said network. 
40 [0013] According to a second embodiment of the in- 
vention, it can be provided that, for all base stations BS 
of said network, the power P^^:^ transmitted by any base 
station (BSj) is given by the following relation: 

^Tof BSi ^ ^Btxi = 

with Pjot being the total power received by the 
base station BS; or the total interference seen by the cell 
so corresponding to that base station BS| and K' being a 
predetermined constant identical for all base stations 
BS of said network. 

[001 4] When applied to a CDMA network, P^xxx corre- 
sponds to the power of the transmitted broadcasting 
ss control channel BCCH of the corresponding base sta- 
tion BSj. 

[0015] The present invention also includes a method 
for determining for a given mobile terminal in a cellular 
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radiocommunication network the surrounding base sta- 
tions BS requiring the lowest transmission powers from 
said mobile terminal for a working connection with said 
network, wherein said mobile terminal is repeating in- 
termittently the following operations: 

measuring the power levels Pgnt received on given 
communication control channels coming in from 
said surrounding base stations BS, 
comparing the measured power levels Pg^j of the 
different surrounding base stations BS among 
themselves, and, 

selecting the base stations BSj, whose received 
power levels Pq^^ arc the greatests, 

the power Pg^ transmitted by any base station BS 
on a corresponding communication control channel and 
receivable by mobile terminals MT to be connected with 
the network, being a function of the loading status of 
said base station BS, the function being the same for all 
base stations of said network. 

[0016] the features related to the two embodiments 
and their application to a CDMA network described be- 
forehand in connection with a network according to the 
invention, can also be considered in relation with the 
preceding method. 

[0017] Advantageously, the mobile terminal is also 
monitoring the values and/or the evolutions of the power 
offsets, for received powers on communication control 
channels, between the presently selected base station 
BS| and the other proximate base stations BS. depend- 
ing on the movements of the mobile terminal and the 
changes in transmission conditions and sending a sig- 
nal to the network controller each time one of said power 
offsets crosses a predetermined threshold value or pre- 
determined threshold values. 

[001 8] According to a further aspect of the invention, 
there is also provided a method for controlling the 
handover procedure, between base stations of a CDMA 
type cellular radiocommunication network, of a traffic 
channel linking a mobile terminal to said network, 
wherein said mobile terminal is repealing in predeter- 
mined intervals the method steps described, before in 
order to select the most suitable base stations BSj and 
to update the list of proximate base stations BS belong- 
ing to the active set. enabling the network controller to 
anticipate and prepare each handover procedure. 
[001 9] The present invention will be better understood 
thanks to the following description explaining the phys- 
ical basis of the invention and a preferred embodiment 
of the latter as a non limitative example. 
[0020] The basic problem to be solved by the inven- 
tion is how to establish a relation between the handover 
zones and the borders between prevailing zones. 
[0021] To do this, a relation between the transmitted 
power of the broadcast channel at each base station BS 
or base station BS and the loading status of its cell has 
been defined. This allows the networit to define the limits 
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of the prevailing zone of each base station by means of 
measurements of the received powers of the broadcast 
channel at the mobile terminals. The limit between two 
(three) prevailing zones is given by the line (point) in 
which a mobile would need the same averaged trans- 
mitted power to reach the two (three) base stations with 
their respective minimum required powers. 
[0022] According to the basic principle of the inven- 
tion, it is stated that the received downlink broadcast 
channel power levels coming from all concerned base 
stations defining these adjacent prevailing zones are the 
same at the limit between two or more prevailing zones. 
This relation allows the system to know in advance the 
limits between the prevailing zones by monitoring the 
power offset between the different broadcast channels, 
and anticipate the handover procedure to assure that 
the new base station is available in the active set when 
the mobile enters its prevailing zone. 
[0023] Having a given base station in the active set of 
a mobile when it enters the prevailing zone of that base 
station assures that, at any time, the transmitted power 
of that mobile is the lowest possible, and therefore the 
global uplink interference level of the network is mini- 
mized. 

[0024] The condition set by the invention can be for- 
mulated as follows: when at a given point in the network, 
a mobile terminal requires the same transmit power to 
reach two or more base stations with their respective 
minimum required received powers, the power levels of 
the broadcast channels received at this mobile terminal 
coming from all those involved base stations should be 
the same. 

[0025] This condition can be represented in the fol- 
lowing formal way: 
If 



Then 



0) 



(2) 



where 

[0026] Pjtjjj = Uplink traffic channel power level (tx) 
transmitted by the mobile towards the BS, to reach the 
base station with the minimum required power (depend- 
ent on BSj loading status). 

[0027] Psfxk = Downlink broadcast channel power lev- 
el (nc) received by the mobile coming from the BS|^. 
[0028] By relating transmined power to received pow- 
er in the uplink, we can express: 



(3) 



.^CCIO: <EP 1058474A1 I > 



5 



EP 1 058 474 A1 



5 



wherein PL| is the Path Loss between the mobile 

terminal and the BSj, after filtering of fast fading 
(Rayleigh), which allows to state a symmetry between 
uplink and downlink pathlosses. 

[0029] Now Pj^ = Ppgj, which represents the mini- 
mum required power at reception in the present loading 

conditions of BS|. 

[0030] The parameter Pr^ is the result of a major char- 
acteristic of networks, especially CDMA type networks, 
stating that to be able to obtain the desired Eb/lo at the 
base station for each link, the power with which the dif- 
ferent signals have to be received at the base station is 
the same for a given service of reference, and depends 
on the Eb/lo target, the external interference seen by 
the base station, the processing gain, the noise spectral 
density and the number of users in the cell. This Prs 
value can be constantly evaluated at the base station 
from the loading status of the cell. 
[0031] Furthermore, it can be staled that: 
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because of the path loss symmetry stated before. 
[0032] From (3) and (4) we express the traffic power 
level transmitted by the mobile as: 



timum active sets of base stations for global uplink in- 
terference minimisation. 

[0039] Optimal working of the invention requires a 
regular update of the minimum required received power 
pRS at each base station, and a consequent adaptation 
of the broadcast channel power. However, the time con- 
stant of these two processes is large enough (hundreds 
of milliseconds) not to induce a signalling overload into 
the network. 

[0040] It should be noted that as. in a CDMA network, 
the ratio between Pjolbs (^^^^^ power received by the 
base station BS or total interference seen by the cell 
corresponding to that base station) and P^^ (for a given 
service of reference) is the same through out the whole 
network and it is therefore also possible to state that : 



^Tot. BS ^ ^Btx.BS ~ 



for any base station BS. 
[0041] The present invention is, of course, not limited 
to the preferred embodiment described herein, changes 
can be made or equivalents used without departing from 
the scope of the invention. 



Claims 



(5) 



[0033] Using equation (1) which defines prevailing 
zones limit, we get: 

PRsiMPBbci/PBrxi) = PRsk^(PBtxk^PBrxk) (6) 35 

[0034] Considering (6) in the light of condition (2) ac- 
cording to the invention, we arrive at: 



'^Rsi ^ '^Btxi ™ ^Rsk ^ ^Btxk 



(7) 



[0035] From (7). and knowing that this relation is true 
for any couple of base stations i and k. we can establish 
as a constraint for any base station BS in the network: 



1. Cellular radiocommunication network comprising a 
30 plurality of geographically spread out base stations 
(BS) with variable loading statuses, wherein the 
power (Pstxi) transmitted by each base station (BSj) 
on a corresponding communication control channel 
and receivable by mobile terminals (MT) to be con- 
nected with the network, is a function of the loading 
status of said base station (BSj), the function. being 
the same for all base stations (BS) of said network. 



40 



46 



2. Cellular radioccmmunication network according to 
claim 1 , wherein, when the minimum required re- 
ceived powers (P^) for a given sen/ice of reference 
at the base stations (BS) reflect the loading statuses 
of said base stations (BS). the power (Petxi) trans- 
mitted by any base station (BSj) of said network is 
given by the following relation : 



(8) 



Prsi ^ ^Btxi 



[0036] K being a constant for the whole network. 
[0037] The value of the constant K has to be defined 
as a compromise value taking into account a good cov- 
erage of the network and a bearable interference level 
resulting from the powers transmitted over the BCCH 
channels. 

[0038] It could be settled at hetwork deployment after 
field -rials in order to enable the network to build up op- 



so 



3. 



with (PRsi) being the minimum required re- 
ceived power at the base station (BSj) for a given 
service of reference and with (K) being a predeter- 
mined constant identical for all base stations (68) 
of said network. 

Cellular radiocommunication network according to 
claim 1. wherein, for all base stations (BS) of said 
network, the power (Psixi) transmitted by any base 
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station (BS|) is given by the following relation: 

^ToL BSi ^ ^Boci " ^ • 

5 

with (Ptoi. 3Si) t>eing the total power received 
by the base station (BSj) or the total interference 
seen by the cell corresponding to that base station 
(BSj) and (K*) being a predetermined constant iden- 
tical for alt base stations (BS) of said network. 

4. Cellular radiocommunicaiion network according to 
anyone of claims 1 lo 3. wherein. In a CDMA cellular 
network, (Peixj) corresponds to the power of the 
transmitted broadcasting control channel (BCCH) is 
of the corresponding base station (BSj). 

5. Method for determining for a given mobile terminal 
in a cellular radiocommunicaiion network the sur- 
rounding base stations BS requiring the lowest 20 
transmission powers from said mobile terminal for 

a working connection with said network, wherein 
said mobile terminal is repeting intermittently the 
following operations : 

25 

measuring the power levels (Pgi^) received on 
given communication control channels coming 
in from said surrounding base stations (BS), 
comparing the measured power levels (Pq^) of 
the different surrounding base stations (BS) 30 
among themselves, and. 
selecting the base stations (BSj). whose re- 
ceived power levels (Penti) ^® greatests. 

the power {Pstx) transmitted by any base sta- 3S 
tion (BS) on a corresponding communication con- 
trol channel and receivable by mobile terminals 
(MT) to be connected with the network, being a 
•function of the loading status of said base station 
(BS), the function being the same for all base sta- 
tions of said network. 

6. Method according to claim 5, wherein, when the 
minimum required received powers (P^) for a given 
service of reference at the base stations (BS) reflect 4S 
the loading statuses of said base stations (BS). the 
power (Pgeci) transmitted by any base station (BSj) 

of said network is given by the following relation : 

so 

with (pRsi) being the minimum required re- 
ceived power at the base station (BSj) and (K) being 
a predetermined constant, the same for all base sta- ss 
tions (BS) of said network. 

7. Method according to claim 7. wherein, for all base 
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stations (BS) of said network, the power (Petxi) 
transmitted by any base station (BSj) is given by the 
following relation: 

^Tot. BSI ^ ^Btxi = 

with {Pjoi BSi) beinQ the total power received 
by the base station (BSj) or the total interference 
seen by the cell corresponding to that base station 
(BSj) and (K') being a predetermined constant iden- 
tical for all base stations (BS) of said network. 

8. Method according to anyone of claims 5 to 7. where- 
in in a CDMA cellular network, (Petxi) corresponds 
to the power of the transmitted broadcasting control 
channel (BCCH) of the corresponding base station 
(BSj). 

9. Method according to anyone of claims 5 to 8, where- 
in the mobile terminal is also monitoring the values 
and/or the evolutions of the power offsets, for re- 
ceived powers on communication control channels, 
between the presently selected base station (BSj) 
and the other proximate base stations (BS), de- 
pending on the movements of the mobile terminal 
and the changes in transmission conditions and 
sending a signal to the network controller each time 
one of said power offsets crosses a predetermined 
threshold value. 

10. Method for controlling the handover procedure, be- 
tween base stations of a CDMA type cellular radio; 
communication network, of a traffic channel linking' 
a mobile terminal to said network, wherein said mo- 
bile terminal is repeating in predetermined intervals 
the method steps according to anyone of claims 5 
to 9 in order to select the most suitatDle base stations 
(BSj) and to update the list of proximate base sta- 
tions (BS) belonging to the active set, enabling the 
network controller to anticipate and prepare each 
handover procedure. 

Amended claims in accordance with Rule 66(2) EPC. 

1 . Cellular radiocommunication network comprising 
a plurality of geographically spread out base sta- 
tions (BS) with variable loading statuses, wherein 
the power (PBtxi) transmitted by each base station 
(BSj) on a corresponding communication control 
channel and receivable by mobile terminals (MT) to 
be connected with the network continuously de- 
creases with the loading status of said base station 
(BSj), said loading status having a fixed relationship 
to said power, said fixed relationship being the 
same for all base stations (BS) of said network. 
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2. Cellular radiocommunication network according 
to claim 1 , wherein, when the nninimum required re- 
ceived powers (P^s) for a given sen/ice of reference 
at the base stations (BS) reflect the loading statuses 

of said base stations (BS). the power (P^xx'^ trans- 5 
mitted by any base station (BSj) of said network is 
given by the following relation : 

with (PRsi) being the minimum required re- 
ceived power at the base station (BSj) for a given 
service of reference and with (K) being a predeter- 
mined constant identical for all base stations (BS) is 
of said network. 

3. Cellular radiocommunication network according 
to claim i , wherein, for all base stations (BS) of said 
network, the power (Petxi) transmitted by any base 20 
station (BSi) is given by the following relation: 

^TotBSi ^ ^Btxi = 

25 

with (Pjoi, BSi) k^Q'r>9 the total power received 
by the base station (BSi) or the total interference 
seen by the ceil corresponding to that base station 
(BSj) and (K*) being a predetermined constant iden- 
tical for all base stations (BS) of said network. SO 

4. Cellular radiocommunication network according 

to anyone of claims 1 to 3. wherein, in a CDMA cel- 
lular network, (Petxi) corresponds to the power of 
the transmitted broadcasting control channel 3S 
(BCCH) of the corresponding base station (BSj). 

5. Method for determining for a given mobile termi- 
nal in a cellular radiocommunication network the 
surrounding base stations BS requiring the lowest 40 
transmission powers from said mobile terminal for 

a working connection with said network, wherein 
said nnobile terminal is repeting intermittently the 
following operations : 

45 

measuring the power levels (Pg^ received on 
given communication control channels coming 
in from said surrounding base stations (BS), 
comparing the measured power levels (Pgrx) of 
the different surrounding base stations (BS) so 
among themselves, and, 
selecting the base stations (BSj). whose re- 
ceived power levels {P^rxd ^® greatests, 

the power (Pstx) transmitted by any base sta- ss 
tion (BS) on a corresponding communication con- 
trol channel and receivable by mobile terminals 
(MT) to be connected with the network being con- 



tinuously decreasing with the loading status of said 
base station (BS). said loading status having a fixed 
relationship to said power, said fixed relationship 
being the same for all base stations (BS) of said net- 
work. 

6. Method according to claim 5. wherein, when the 
minimum required received powers (9^) for a given 
sen/ice of reference at the base stations (BS) reflect 
the loading statuses of said base stations (BS), the 
power (Pgtxi) transmitted by any base station (BSj) 
of said network is given by the following relation : 

with (Prsi) being the minimum required re- 
ceived power at the base station (BSJ and (K) being 
a predetermined constant* the same tor all base sta- 
tions (BS) of said network. 

7. Method according to claim 7, wherein, for all base 
stations (BS) of said network, the power (Pstxr) 
transmitted by any base station (BSj) is given by the 
following relation: 

^Tot.BSi ^ ^Btxi = 

with (Pjot. BSt) being the total power received 
by the base station (BSj) or the total interference 
seen by the cell corresponding to that base station 
(BSj) and (K') being a predetermined constant iden- 
tical for ail base stations (BS) of said network, 

8. Method according to anyone of claims 5 to 7, 
wherein in a CDMA cellular network, (Petxi) corre- 
sponds to the power of the transmitted broadcasting 

• control channel (BCCH) of the corresponding base- 
station (BSj). 

9. Method according to anyone of claims 5 to 8, 
wherein the mobile terminal is also monitoring the 
values and/or the evolutions of the power offsets, 
for received powers on communication control 
channels, between the presently selected base sta- 
tion (BSj) and the other proximate base stations 
(BS), depending on the movements of the mobile 
terminal and the changes in transmission condi- 
tions and sending a signal to the network controller 
each time one of said power offsets crosses a pre- 
determined threshold value. 

10. Method for controlling the handover procedure, 
between base stations of a CDMA type cellular ra- 
diocommunication network, of a traffic channel link- 
ing a mobile terminal to said network, wherein said 
mobile terminal is repeating in predetermined inter- 
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vals the method steps according to anyone of 
claims 5 to 9 in order to select the most suitable 
base stations (BSj) and to update the list of proxi- 
mate base stations (BS) belonging to the active set. 
enabling the network controller to anticipate and 5 
prepare each handover procedure. 
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